INTRODUCTION {#sec1-1}
============

Meckel\'s diverticulum is the most common congenital anomaly of the gastrointestinal tract with an incidence of approximately 2% in the population.\[[@ref1]\] Most cases are asymptomatic, with an overall lifetime risk of complications being reported at around 6.4%.\[[@ref2]\] The most common clinical finding in symptomatic cases is gastrointestinal bleeding, although obstruction, diverticulitis and intussusception are also commonly seen.\[[@ref1]\] Obstructive symptoms due to congenital bands manifest earlier in life while inflammatory presentations usually manifest later. It is generally agreed upon that this temporal distribution of symptoms is due to the time taken to develop inflammation and ulceration in Meckel\'s with ectopic mucosa. The combined presence of multiple ectopic tissues within one Meckel\'s diverticulum is relatively rare, and its occurrence is not well established in the literature.\[[@ref3][@ref4][@ref5]\] Currently, for any incidentally discovered Meckel\'s diverticulum, the management approach is based on weighing the statistical odds of future complications against the risks of a diverticulectomy. Herein, we report 22 cases of Meckel\'s diverticulum in pediatric patients treated at our institution between 2007 and 2012. We also performed a meta-analysis of studies reporting on this topic. The objectives of the study were three-fold: (1) to assess the temporal relationship between patient age and development of a symptomatic diverticulum, (2) to determine the surgical implication of the pathological finding of multiple ectopic epithelium in a Meckel\'s diverticulum and lastly (3) to reconfirm by a meta-analysis, and offer higher level scientific evidence, the well known association between ectopic epithelium and symptomatic Meckel\'s diverticulum.

MATERIALS AND METHODS {#sec1-2}
=====================

We obtained de-identified patient records of Meckel\'s diverticulectomy performed at our institution over a 5-year period and evaluated the pathology reports for the presence or absence of ectopic epithelium. Demographic data of the patients were noted. Patients were classified as having had surgery performed for symptomatic or asymptomatic Meckel\'s diverticulum. Pathology reports were evaluated to assess for the presence of and the nature of ectopic epithelium. The temporal relationship between the age of Meckel\'s diverticulectomy and the presence of ectopic epithelium and development of inflammatory changes was analyzed. Further we evaluated if there was an increased incidence of symptomatic Meckel\'s in those patients with a pathological finding of more than one ectopic epithelium.

As the second part of the study we conducted a search on Medline for articles containing the keywords "Meckel\'s diverticulum" and "ectopic" or "heterotopic epithelium" from February 1993 to February 2013. The inclusion criteria for an article in the meta-analysis were a clear description of the nature of the ectopic epithelium in the results. The exclusion criteria omitted those articles that did not clarify whether the ectopic tissue was found in a symptomatic or asymptomatic diverticulum. Articles that met both criteria were individually reviewed to extract the numbers of symptomatic cases (all cases where surgical intervention was primarily performed for a Meckel\'s diverticulum related issue) and the number of total cases for each category of normal epithelium, single ectopic tissue, or multiple ectopic tissues. A meta-analysis was performed using a random effects model. The purpose of the meta-analysis was to offer a higher level of scientific evidence to the association between symptomatic Meckel\'s diverticulum and ectopic epithelium. The secondary goals of the meta-analysis were to identify if the presence of multiple ectopic elements additively increased the risk of symptomatic presentations of Meckel\'s. Descriptive statistics were performed on collected data. The Fisher exact test was used to determine significance of categorical data.

RESULTS {#sec1-3}
=======

Twenty-two (22) patients underwent Meckel\'s diverticulectomy over the study period \[[Table 1](#T1){ref-type="table"}\]. There were 16 males (73%) and 6 females (27%). Seven patients (33%) presented with symptoms secondary to the local effects of the ectopic epithelium (bleeding, diverticulitis, perforation). Seven patients (33%) presented with bowel obstruction and four had ectopic epithelium in the diverticulum. Six patients (30%) were asymptomatic and had the Meckel\'s diverticulectomy concomitant with another abdominal procedure and none of them had an ectopic epithelium. Two neonates underwent surgery for a patent omphalomesenteric duct and they did not have any ectopic epithelium. The average age of patients in the study was 4.7 years (Range: 1 day-16 years; Median: 2 years). The average age of patients with ectopic epithelium was 6.3 years (Range: 1 year-16 years; Median: 4 years). The average age of patients with no ectopic epithelium was 3.125 years (Range: 1 day-13 years; Median: 1.5 months) (*P* = 0.075). No ectopic epithelium was identified in any patient who underwent Meckel\'s diverticulectomy before the age of 1 year (*P* \< 0.006). Gastric (11/11) and pancreatic (3/11) ectopic epithelium were encountered most frequently. There were three patients who had both gastric and pancreatic ectopic epithelium.

###### 

Cases of Meckel\'s diverticulum treated at our institution between 2007 and 2012
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A total of nine eligible case series were identified from the literature based on our criteria.\[[@ref6][@ref7][@ref8][@ref9][@ref10][@ref11][@ref12][@ref13][@ref14]\] None out of these nine studies contained cases of multiple ectopic tissues. The meta-analysis shown in [Figure 1](#F1){ref-type="fig"} includes data from these nine case series plus the data from our own case series.

![Meta-analysis by random effects model confirms the well known finding of ectopic epithelium causing symptomatic Meckel\'s diverticulum](JIAPS-19-85-g002){#F1}

Of the ten total case series, five showed statistically significant higher odds ratios for symptomatic complications with single ectopic tissue as compared to normal epithelium in a Meckel\'s diverticulum. The combined odds ratio for all ten studies also showed a statistically significant higher odds ratio for symptomatic complications with single ectopic tissue \[[Figure 1](#F1){ref-type="fig"}\].

DISCUSSION {#sec1-4}
==========

As the fetal intestines separate from the yolk sac during early embryogenesis, the omphalomesenteric duct forms and subsequently obliterates by the fifth to seventh week of fetal life. Failure of the omphalomesenteric duct to obliterate completely can lead to many congenital anomalies of the small intestines. Of these, Meckel\'s diverticulum is the most common.\[[@ref15]\]

The presence of ectopic tissues within Meckel\'s diverticulum has been noted since the early 1900s, and historically, many hypotheses have been proposed to explain their presence.\[[@ref5][@ref16]\] The now widely-accepted theory purport that the pluripotent cells that once lined the omphalomesenteric duct are responsible for giving rise to the various ectopic tissues within the Meckel\'s diverticulum.\[[@ref17][@ref18][@ref19]\] This theory, however, fails to explain the strong preponderance for finding ectopic gastric or ectopic pancreatic tissues with Meckel\'s diverticula. Case reports of less common ectopic tissues, such as colonic, duodenal, jejunal, hepatic, and endometrial, are very few in numbers. It is unknown why the pluripotent cells of the omphalomesenteric duct would more commonly differentiate into one type of tissue over another. It has been proposed that ectopic pancreatic tissue may be misplaced tissue from migration and fusion of the ventral and dorsal pancreatic buds during embryology.\[[@ref20]\] It has also been suggested that improper molecular signaling throughout the GI tract with loss of the sonic hedgehog gene might be responsible ectopic pancreatic tissue.\[[@ref21]\] Our personal series raises the intriguing question as to whether the ectopic tissue in Meckel\'s diverticulum is an early post-natal development as not one of our patients less than 1 year of age had ectopic epithelium in the Meckel\'s. Perhaps variable phenotypic expression of pluripotent cells in the diverticulum is based on the exposure to gastrointestinal nutrients and growth factors. This might be a different explanation to the currently understood pathophysiology of symptomatic inflammatory Meckel\'s occurring later in life. However as this is a small series, larger studies are needed to answer this question satisfactorily.

The presence of ectopic tissue is associated with higher incidences of complications from Meckel\'s diverticulum.\[[@ref1][@ref10][@ref22]\] It is estimated that the incidence of symptoms in a Meckel\'s diverticulum with ectopic tissue is as high as 50-60%, whereas the incidence of symptoms in all Meckel\'s diverticula is around 6% as previously stated.\[[@ref1]\] Results from this meta-analysis support these conclusions, and to the best of our knowledge, ours is the first study to combine multiple studies on this topic into a statistically informative meta-analysis.

Unfortunately, we failed to answer the question of whether the presence of multiple ectopic tissues increases the incidence of complications in a Meckel\'s diverticulum. Based on our case series from our institution alone, it seems that the odds ratio of complications is not statistically significantly higher for multiple ectopic tissues as compared to normal epithelium.

In this study, we have shown a statistically significant higher odds ratio for developing symptomatic complications in Meckel\'s diverticula with (at least) single ectopic tissue across multiple studies in the last two decades of literature. However, currently there exists no effective way to establish the presence ectopic tissue prior to surgical pathologic examination in an incidentally discovered Meckel\'s diverticulum. A consideration of factors, such as the age and sex of the patient, or the length, location, and diameter of the diverticulum, as well as palpation of the diverticulum during surgery, has proven to be imprecise and ineffective in predicting whether a diverticulum would subsequently develop complications and whether a prophylactic diverticulectomy is warranted.\[[@ref23]\] The finding of male preponderance in our series in the overall and symptomatic groups has however not been substantiated in other studies where sex was not a discriminatory factor. The most useful method in existence for detecting ectopic gastric mucosa, the technetium-99m pertechnate scan, has extremely poor utility. It has been shown that this scan has a sensitivity and specificity of 85% and 95% percent, respectively in children, and of 62.5 and 9%, respectively in adults.\[[@ref24][@ref25]\] Understanding the pathogenesis of ectopic epithelium development may enable development of surgical algorithms to accurately predict who would benefit from Meckel\'s diverticulectomy in the incidental presentation.
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